Objective: In this study, the duration of enzyme induction provoked by unlabelled lactose ureide (LU) in orocaecal transit time (OCTT) measurements with lactose-[
Introduction
The development of non-invasive methods for measuring orocaecal transit time (OCTT) is of great interest, with respect to the drawbacks of lactulose H 2 -breath tests (Sarno et al., 1993; Wutzke et al., 1997) .
13 C-labelled glycosyl ureides formed under acidic conditions from reducing sugars and [ 13 C]urea were found to be suitable for the measurement of OCTTs (Heine et al., 1995) . The molecular bond between the carbohydrate moieties and 13 C-urea has been shown to resist enzymatic degradation in the small bowel, but to be split exclusively by Clostridium innocuum in the caecum (Mohr et al., 1999) . In our previous studies, lactose-[ ]ureide were confirmed to yield reliable results when pre-dosing with the respective unlabelled ureides on the day before the pulse labelling (Wutzke et al., 1997; Wutzke and Glasenapp, 2004) . In fact, the induction and the resulting faster and higher 13 CO 2 appearance are necessary for a more definitive evaluation of the OCTT although the induction theoretically does not influence OCTT.
In continuation of these investigations, the duration of enzyme induction was of great interest with respect to required subsequent 13 CO 2 -breath tests for OCTT measurements.
Therefore, the aim of this study was to validate the duration of the induction of the key enzyme glucose ureide hydrolase when measuring OCTTs and to monitor the effect of treatment or non-treatment with LU in 15 healthy adults, respectively. Additionally, a reduced and cheaper pre-dosing protocol was supposed to be evaluated.
Methods
Tracer substance 13 C-LU and unlabelled lactose ureide (LU), respectively were synthesized according to our method as described in detail (Wutzke et al., 1997 ) volunteered for this study. They were in good health throughout the study. None of the subjects was receiving any medication or had a history of gastrointestinal diseases. Furthermore, none of the subjects regurgitated after having received the sugar ureides.
The testing protocol was approved by the Committee on Ethics of the Faculty of Medicine of the University of Rostock (registration number: II HV 41/2004). Written consent was obtained from all subjects.
Study protocols
Subjects were studied after an overnight fast. All volunteers received a continental breakfast made up of 1 1 2 wheat flour roll, 30 g margarine, 50 g jam and 1 cup of black coffee at 0745. Six hours after breakfast, all volunteers received an individually standardized regular lunch at 1400. Every single subject was allowed to choose his personal lunch menu but it was similar during the four tests. However, on the days of 13 C-LU administration, the breakfast was identical in all the 15 subjects. No other food or drink was allowed until 6 h after breakfast.
Baseline breath samples were collected 10 min before the ingestion of 13 C-LU to determine the baseline abundance of 13 CO 2 . During breakfast, 500 mg 13 C-LU, corresponding to a 13 C-excess dose of 14.42 mg, was administered as a single oral pulse strewn on a small area of the margarine at 0800 to ingest the label with one bite. The 13 C-excess dose (D) is the product of the 13 C-LU intake (I), the 13 C-enrichment of the urea moiety (E) and the number of labelled 13 C-atoms divided by the molecular weight (MW) times 100 (Wutzke et al., 1997; Wutzke and Glasenapp, 2004) .
The cumulative percentage Two expired breath samples were taken in 15-min intervals over a period of 14 h by direct exhalation into Exetainerst (IVA Analysentechnik, Meerbusch, Germany). After 1 week, the same subjects received a pre-dosage of 5 Â 100 mg LU in 4-h intervals 1 day prior (at 0800, 1200, 1600 and 2000) and on the test day (at 0600), respectively, to the repeated administration of 13 C-LU. The procedure of food intake, 13 C-LU administration and breath collection were identical with the study that was carried out without pre-dosing. One and 3 weeks later, the same subjects repeated the test with 500 mg 13 C-LU but without pre-dosing.
Analytical techniques
Isotope ratio mass spectrometry. The 13 C-enrichment in breath was measured by isotope ratio mass spectrometry (Tracer mass 20-20, SerCon, Crewe, UK) as detailed previously (Barrie et al., 1989; Wutzke and Oetjens, 2005) . The data were expressed as enrichment d
C over baseline (DOB).
Orocaecal transit time. The OCTT was calculated from the interval between 13 C-LU intake and the detection of a significant, sustained and non-reversing rise of 13 CO 2 in breath of 2 DOB or more (Wutzke et al., 1997) .
Statistical analysis. The Kolmogorov-Smirnow test showed that the data were not normally distributed. Therefore, the non-parametric Friedman and Wilcoxon tests for dependent samples on program SPSS 12.0 for Windows were used for further statistical analysis (Table 1) . All results are expressed as means7s.d.
Results
13 CO 2 -signals were observed in the expired air of the 15 subjects beginning 5.5 h after 13 C-LU administration without pre-dosing. The mean maximum 13 CO 2 -enrichment of 6.975.7 DOB was reached after 10.5 h and was still detectable after 14 h (Figure 1 ). The pre-dosing of 5 Â 100 mg LU at 4-h intervals 1 day before the 13 C-LU ingestion caused a shifting of the 13 CO 2 -rise beginning after 4 h (maximum enrichment 8.976.9 DOB at 7.5 h; Figure 1 ). One and 3 weeks after pre-dosing 13 CO 2 -signals were observed beginning 4.5 and 3.5 h, respectively, after 13 C-LU administration. The mean maximum 13 CO 2 -enrichments of 5.878.8 and 7.976.2 DOB, respectively, were reached after 6.5 and 9.0 h, respectively, and were still detectable after 14 h (Figure 1 ). The rise of 13 CO 2 -enrichment after pre-dosing with LU was faster (approximately 2 DOB per hour) and led to a definitive estimation of the mean OCTT of 311799 min (Table 1 ) when using a threshold of 2 DOB. The OCTT differed significantly from the data without pre-dosing (419782 min; P ¼ 0.028, see Table 1 ). One and 3 weeks after pre-dosing, the measured OCTTs of 4047124 and 3797103 min, respectively, differed significantly (P ¼ 0.009, 0.035), respectively, from the results with pre-dosing. The results after weeks 1 and 3 were not significantly different from OCTT measured without pre-dosing.
The CPDR is shown in Figure 2 . After 14 h, a total of 19.079.4, 26.979.1, 19.979.2 and 21.079.0% was found to be exhaled without pre-dosing, with pre-dosing, and 1 and 3 weeks after pre-dosing, respectively.
Discussion
In the last decade, breath tests with C]ureide was described as the key substance of the enzymatic sugar ureide degradation process in the caecum (Wutzke and Glasenapp, 2004) . It could be demonstrated that glucose ureide is exclusively degraded by C. innocuum, which in turn belongs to the ordinary human intestinal flora (Mohr et al., 1999) . C. innocuum probably synthesizes the enzyme glucose ureide hydrolase that splits the glucose-urea bond (Mohr et al., 1999) . However, the duration of the enzyme induction remained unknown but is of great interest, especially when successive OCTT measurements are required in short time intervals.
In this study, 13 CO 2 -enrichment in the expired air reflected the microbial degradation of 13 C-LU. The predosing with 5 Â 100 mg unlabelled LU before the ingestion of 13 C-LU resulted in a higher 13 C-signal, thus leading to a reliable OCTT measurement. A faster increase of the initial 13 CO 2 output leads to a shifting of the corresponding peak [DOB] without pre-dosing 5x 100 mg LU 1week after pre-dosing 3 weeks after pre-dosing [%] without pre-dosing 5x 100 mg LU 1 week after pre-dosing 3 weeks after pre-dosing Figure 2 Mean cumulative percentage 13 CO 2 -exhalation after ingestion of 13 C-LU without and with pre-dosing with unlabelled LU, and after 1 and 3 weeks without pre-dosing.
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KD Wutzke and M Schütt resulting in an apparently shorter OCTT (Figure 1 ). Two constructive different approaches of averaging are responsible for the mathematical phenomenon that the calculation of mean values of the 13 CO 2 rise over time in Figure 1 does not match completely with the mean values calculated in every single subject by using the 2 DOB threshold in Table 1 . These observations of an apparently shorter OCTT after predosing strongly suggest a preceding induction of the enzyme activity as already described earlier (Wutzke et al., 1997) . The subsequent shape and size of the mean 13 CO 2 curves are a reflection of the pace at which the chyme reaches the caecum (Geypens et al., 1999) . In contrast to several papers published earlier dealing with the evaluation of OCTTs, a reduced and cheaper pre-dosing protocol with merely 5 Â 100 mg LU has been applied in this study. Higher dosages of up to 5 Â 1 g LU have been used in adults so far (Morrison et al., 2003; Wutzke and Glasenapp, 2004) . It could be demonstrated that the application of 500 mg 13 C-LU and the pre-dosing with 5 Â 100 mg LU are high enough to induce the enzyme activity and to give reliable results. Furthermore, the reduced dosage and the low osmolarity of LU minimizes a potential influence of pre-dosing on OCTT. The CPDR was not used for calculation of the OCTT (Figure 2 ). However, the data were in agreement with the values published earlier (Wutzke and Glasenapp, 2004) . When considering the results obtained after pre-dosing with LU, the differences in the subsequent tests without pre-dosing became obvious. In comparison with the OCTT of 311 min measured with pre-dosing, the tests without predosing 1 and 3 weeks later resulted significantly in prolonged OCTTs of 404 and 379 min, respectively (Table 1) . This response reflects the fact that the induced enzyme activity is short-lived and no longer exists after 1 week. The additional test after 3 weeks was carried out to confirm our findings after 1 week.
Our data are in good agreement with the OCTTs of 320, 292, 287 and 246 min published by Leitzmann et al. (1998 ), Geypens et al. (1999 , Wutzke and Glasenapp (2004) and Wutzke and Sattinger (2006) , respectively, in healthy adults. In comparison to the 13 C-LU ingestion after breakfast (Wutzke et al., 1997) , in this study, the 13 C-LU ingestion during breakfast resulted in prolonged OCTTs of 311 vs 181 min, respectively. This response reflects the fact that 13 C-LU is better distributed within the meal. The Leuven Group confirmed our assumption. After ingestion of 500 mg 13 C-LU, mixed with a scrambled egg during breakfast, similar OCTTs of 292 min were observed although a higher predosing of 1 Â 1 g LU was used (Geypens et al., 1999) . After administration of 250 mg 13 C-LU in chocolate milk, Van den Driessche et al. (2000) observed OCTTs of 255 min in children.
For estimation of OCTT, we recommend the pre-dosing with a reduced dosage of 5 Â 100 mg LU before the ingestion of 500 mg 13 C-LU together with breakfast. These common factors lead to uniform data. Owing to the 13 C-wash out effect in expired air of approximately 2 days and the fact that 13 C-LU itself may induce enzyme activity, it does not make sense in our opinion to investigate a potential enzyme induction remaining after 2 or 3 days.
We conclude that glucose ureide hydrolase, the key enzyme of sugar ureide degradation, must be induced with LU before every single 13 CO 2 -breath test to measure the OCTT.
